Automated analyses of full-day recordings were used to determine whether young children who are hard-of-hearing (HH) received similar levels of exposure to adult words and conversational interactions as age-matched peers with normal-hearing (NH). Differences in adult input between children in this study and in a normative database were considered. Finally, factors were examined that may have contributed to individual differences in the input characteristics of families. Results indicated that the NH and HH groups were exposed to similar numbers of adult words and conversational turns. However, both the NH and HH groups were exposed to more adult words and engaged in more conversational turns than the NH children in the normative sample. Considering only the HH group, both quantity of adult words and conversational exchanges were correlated with children's auditory characteristics. Children's receptive language ability was correlated with conversational exchanges but not with adult word counts.
Automated analyses of full-day recordings were used to determine whether young children who are hard-of-hearing (HH) received similar levels of exposure to adult words and conversational interactions as age-matched peers with normal-hearing (NH). Differences in adult input between children in this study and in a normative database were considered. Finally, factors were examined that may have contributed to individual differences in the input characteristics of families. Results indicated that the NH and HH groups were exposed to similar numbers of adult words and conversational turns. However, both the NH and HH groups were exposed to more adult words and engaged in more conversational turns than the NH children in the normative sample. Considering only the HH group, both quantity of adult words and conversational exchanges were correlated with children's auditory characteristics. Children's receptive language ability was correlated with conversational exchanges but not with adult word counts.
Children's exposure to language during the early language-learning period plays a critical role in shaping their linguistic development. Most children spend the majority of this period being cared for by their family members (Belsky et al., 2007) , and parents are key contributors to the amount of talk to which children are exposed (Hart & Risley, 1995) . However, parents vary in terms of how talkative they are and in terms of how much talk they direct to their children Hart & Risley, 1995) . These differences in quantity of parent talk have significant implications for linguistic outcomes in children who are typically developing, because quantity of parent talk is linked to children's later lexical proficiency, with *Correspondence should be sent to Mark VanDam, Washington State University, Department of Speech and Hearing Sciences, P.O. Box 1495 , Spokane, WA, 99210-1495 children of talkative parents demonstrating stronger linguistic abilities than children of less talkative parents (Hoff & Naigles, 2002; Hurtado, Marchman, & Fernald, 2008; Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991) .
There are a number of reasons why high rates of linguist input from parents may contribute to children's linguistic outcomes. First, children of talkative parents are exposed to instances of individual words more frequently than children of less talkative parents. This provides children with more opportunities to make connections between the phonological form of a word and its meaning (Huttenlocher et al., 1991) . Evidence of this is found in research indicating that typically developing children command lexical and phonological forms earlier when those words are more frequent in their auditory environment, as compared with items that are less frequent in the adult talk to which they are exposed (Blackwell, 2005; Goodman, Dale, & Li, 2008; Schwartz & Terrell, 1983) . Second, there are some features of linguistic input that are known to be especially important for children's linguistic growth, such as exposure to past tense verbs, modifiers (i.e., adjective and adverbs), and function words (i.e., pronouns, prepositions, demonstratives, and articles). Although some parents use these linguistic features more often in their utterances than other parents, overall, the more talk children are exposed to, the more frequently they are exposed to these features (Hart & Risley, 1995 . Third, frequency of parent talk is predictive of how frequently typically developing children talk by the time they are 2-3 years of age (Hart & Risley, 1999) . This influence of frequency of parent input is important because children who talk more frequently accumulate more practice with language than less talkative children, which may further advance their linguistic development. Finally, Hurtado, Marchman, and Fernald (2008) have shown that the quantity and quality of maternal speech directed to a child is strongly related to the speed of lexical processing in typically developing children, even for words that are well known.
The tendency of parents to be talkative or taciturn appears to be relatively stable over time (Huttenlocher et al., 1991; Huttenlocher, Vasilyeva, Waterfall, Vevea, & Hedges, 2007; Olsen-Fulero, 1982) and may be related to factors such as parents' socioeconomic status (SES; Hart & Risley, 1995; Hoff, 2003; Hoff-Ginsberg, 1994; Huttenlocher et al., 2007; Rowe, 2008; Rowe, Pan, & Ayoub, 2005) . The majority of studies examining the relationships between SES and parent talkativeness indicate that less advantaged parents (i.e., less educated parents or parents in low-income homes) talk to their children less frequently than more advantaged parents (Fernald & Weisleder, 2011; Hoff, 2003; Huttenlocher et al., 2007; Rowe, 2008; Rowe et al., 2005) . This may be a result of inherent differences between parents of different social classes in their general talkativeness or verbal abilities, the amount of time they have to talk with their children, or their knowledge and beliefs regarding the importance of their role in facilitating their child's language development (Hoff-Ginsberg, 1994; Rowe, 2008) . Regardless of the reason, the reduced input provided by low-SES parents to their children puts these children at a disadvantage for later linguistic achievement (Fernald & Weisleder, 2011; Hoff, 2003) .
Although the influence of parent talk on child language abilities in typically developing children has been well established, research is more varied on whether child language abilities influence the amount of adult talk to which children are exposed. Some studies indicate that parents talk more to older children (Fraser & Roberts, 1975; Rowe et al., 2005; Snow, 1972) , who presumably have more advanced language skills than younger children, and others find that parents do not increase their amount of talk in response to their child's advancing language skills (Huttenlocher et al., 1991 (Huttenlocher et al., , 2007 . Thus, the question arises as to whether the direction of influence between amount of parent talk and children's linguistic abilities is from parent to child or child to parent. It may be that as children become more proficient language users, they become more skilled at initiating or participating in conversations, resulting in responsive parents providing more linguistic input within conversational interactions. For example, Hoff-Ginsberg (1987 , 1994 reported that typically developing children with more advanced language abilities, especially those who were good turn-takers or who had stronger conversational skills, elicited more talk from their mothers. Thus, although a parent's tendency to be talkative or taciturn likely is not dependent on their child's linguistic abilities, the quantity of conversational exchanges and the amount of talk within these interactions may increase as children develop stronger language skills.
High rates of conversational exchanges may play a special role in promoting the language development of young children because of the joint attention shared between parents and children during these interactions and the potential for parents to provide contingent responses to children's utterances. Joint attention refers to interactions in which the parent and child attend to the same target and are aware of this shared focus. These episodes have been argued to provide an optimal environment for word learning, given that joint attention increases the likelihood that children will understand that the parent's intent is to refer to the shared target (Scofield & Behrend, 2011) . Tomasello and Farrar's (1986) work supports this premise, given their finding that maternal language provided within joint attention episodes, but not outside of joint attention episodes, was related to later child vocabulary knowledge. Importantly, they also found that mothers and children talked more and engaged in longer conversations during periods of joint attention than outside of these periods. In line with these findings, a number of other studies have indicated that parents who engage their children in more or lengthier joint attention episodes have infants who develop stronger language abilities than parents who engage their children in fewer joint attention episodes (Carpenter, Nagell, & Tomasello, 1998; Tomasello & Todd, 1983) . Zimmerman et al. (2009) provided evidence of the importance of conversational exchanges, showing that the number of conversational turns that occurred between parents and their 2-to 48-month-old children was robustly and positively correlated with children's language abilities approximately 18 months later, even when controlling for the children's language abilities at the earlier time point.
Children With Hearing Loss and Quantity of Linguistic Exposure
Although several studies have examined the amount of language to which typically developing children are exposed, only a limited number of studies have examined quantitative aspects of parental communication for children who are deaf and hard-of-hearing (HH). Findings from these studies have been inconsistent. Although a number of studies have pointed toward decreased communicative interactions between hearing mothers and their deaf children (Lederberg & Mobley, 1990; Meadow, 1981; Wedell-Monnig & Lumley, 1980) , other similar studies did not find between-group differences for quantity of communicative input (Lederberg & Everhart, 1998 , 2000 Spencer, 1993) . However, these studies were all completed with populations of children with hearing loss who are very different from children with hearing loss today as they were born prior to the implementation of universal newborn hearing screening programs and did not have access to current advances in hearing technology. More recent studies on linguistic input have focused exclusively on parents of children who are deaf, the majority of whom use cochlear implants. These studies have not made comparisons to parents of children with normal hearing (NH) and have generally focused more on qualitative rather than quantitative aspects of linguistic input (DesJardin, Ambrose, & Eisenberg, 2009; DesJardin & Eisenberg, 2007; Farran, Lederberg, & Jackson, 2009; Nicholas & Geers, 2007) . In one of these studies, DesJardin and Eisenberg (2007) reported that the sheer number of words used by mothers in a mother-child book-reading interaction was not significantly correlated with children's language skills. However, the length of maternal utterances, the number of different words used by mothers, and maternal use of facilitative language techniques were positively correlated with children's linguistic abilities. This work indicates that maternal input can influence language outcomes for children who are deaf and utilize cochlear implants.
Of interest in the current study is whether quantity of linguistic input is altered in the home environments of children with mild to severe hearing loss who utilize hearing aids. Quantity of language input may be especially important for these HH children, as they typically communicate through the auditory-oral modality and thus rely on auditory input for language learning. However, their sensorineural hearing losses typically result in inconsistent and degraded access to the speech signal. Although this can be partially ameliorated through early and consistent use of hearing aids, hearing aids do not render the speech signal fully audible to the majority of HH children. This is evident in studies reporting on the proportion of speech that is audible to children through their hearing aids (represented by Speech Intelligibility Index [SII] values). SII values range from 0 to 1, where 0 relates to the entire speech spectrum being inaudible and 1 relates to complete audibility. Bagatto et al. (2011) reported that the average SII value of the 62 children with hearing loss in their study was .662 (range: .11-.96). Similarly, Stiles, Bentler, and McGregor (2012) reported that the average SII value of the 18 children in their study was .699 (range: .23-.96). Although children with less significant hearing losses demonstrated higher audibility levels, hearing aids did not render speech completely audible for any child in either study. Children's access to linguistic information is further reduced during periods without amplification and in difficult listening environments (e.g., listening to distant speech or in noisy or highly reverberant environments). Although other assistive listening technologies, such as frequency modulation (FM) systems, may be used to provide children with higher quality access to linguistic input in these difficult listening environments, these devices cannot overcome the audibility issues associated with hearing aid use.
To compensate for limitations in access to the speech signal, children who are HH may need increased exposure to language input to achieve the same linguistic outcomes as their peers with NH. Evidence of this can be found in studies indicating that children who are HH require more exposures to a word than children with NH to add it to their lexicon (Lederberg, Prezbindowski, & Spencer, 2000; Lederberg & Spencer, 2009; Pittman, Lewis, Hoover, & Stelmachowicz, 2005; Stelmachowicz, Pittman, Hoover, & Lewis, 2004) . Additionally, children with hearing loss have difficulty hearing conversation from a distance, which results in having less access to overheard speech than children with NH, who utilize this route for word learning by 2.5 years of age (Akhtar, Jipson, & Callanan, 2001 ). Thus, input within conversational exchanges may be especially important for the linguistic development of children who are HH. Research is needed to further knowledge about the quantity of linguistic input available to children who are HH and whether that input differs from the input available to children with NH.
Despite the potential importance of high rates of linguistic input for children with hearing loss, reduced speech perception, speech production, and oral language skills may further inhibit language interactions between these children and their parents. For example, limitations in speech perception and/or audibility may result in children with hearing loss being less responsive to the input their parents provide, especially in difficult listening environments. This may prompt parents to limit their talk to situations in which they can ensure the child's access to the auditory input. Additionally, speech production limitations and oral language delays may contribute to conversational breakdowns between children with hearing loss and their parents. These conversational breakdowns may lead to fewer conversational turns being taken between parents and children with hearing loss, thus reducing linguistic input within conversational interactions.
Professionals working with young children with hearing loss have long been aware of the importance of linguistic input for children who are HH and the potential for communicative interactions between children with hearing loss and their parents to be reduced in quantity or quality as compared to dyads in which the child has NH (Lederberg & Mobley, 1990; Meadow, 1981; Wedell-Monnig & Lumley, 1980) . As a result, early interventionists who are educated in best practices for children with hearing loss and their families often directly target parental communication as a means of improving the linguistic outcomes of children who are HH, with a special emphasis on promoting linguistic input within conversational interactions (Cole & Flexer, 2008) . These techniques are supported by work indicating that maternal communication style can be facilitative of communication development for children with hearing loss (DesJardin et al., 2009; Farran et al., 2009; Pressman, Pipp-Siegel, Yoshinaga-Itano, & Deas, 1999) . The changes in parental communication style that occur as a result of early intervention may be partially responsible for the positive correlations seen between parent participation in early intervention and the later linguistic abilities of young children with hearing loss (Holzinger, Fellinger, & Beitel, 2011; Moeller, 2000) . In addition, early intervention services are designed to reduce the language delays typically evidenced by children with hearing loss, potentially decreasing the frequency of conversational breakdowns in these dyads. Thus, intervention factors may help to moderate the effects of child hearing status on parental input.
There are two primary reasons for the limited research examining the amount of talk that parents provide to their young children with hearing loss. First, prior to the past decade children with hearing loss were not identified until approximately 2 years of age on average, with children with milder degrees of hearing loss often being identified even later (Mace, Wallace, Whan, & Stelmachowicz, 1991; Stein, Jabaley, Spitz, Stoakley, & McGee, 1990) . Given that many children were not identified with hearing loss until the third year of life or later, researchers were unable to examine the contributions of parent talk to children's early linguistic development. However, with universal newborn hearing screenings now in place, the average age of identification for children with hearing loss has dropped to approximately 3 months, with enrollment in early intervention services typically occurring shortly thereafter (Halpin, Smith, Widen, & Chertoff, 2010; Sininger et al., 2009; Spivak, Sokol, Auerbach, & Gershkovich, 2009 ). This has opened the possibilities for research examining the variables that influence the early language development of this population. A second barrier to these types of investigations in the past has been the extensive resources (e.g., time, money, and personnel) necessary for carrying out a study documenting the amount of adult words spoken to children with hearing loss, especially in a natural setting as opposed to a clinical setting. A new system, the LENA (Language ENvironment Analysis), is now available that allows for automated analyses of all-day recordings of children's auditory environments (Gilkerson & Richards, 2008b) . This system, which can be worn unobtrusively by young children to collect full-day recordings of their natural environments, dramatically reduces the costs previously associated with this type of research. The recorded samples have high ecological validity and are not influenced by the presence of unfamiliar adults (e.g., researchers) or bulky equipment. The technology provides estimates of linguistic and nonlinguistic variables such as the number of words spoken by adults in the child's vicinity, the number of conversational turns taken between the child and adults, the extent to which audible television is present in the child's environment, and the duration of noise and silence in the recordings. Normative data are available on the aforementioned linguistic measures for 2-to 48-month-old children with NH (Gilkerson & Richards, 2008b; ).
Objectives
In this study, full-day recordings and automated analyses were used to address three objectives in HH and NH children. The first objective was to determine whether young children with hearing loss receive similar levels of exposure to adult words and conversational interactions as age-matched peers with NH. The second objective was to determine if adult output differs between children in the current study and children in the LENA normative database and the possible implications of using the normative database in future research or clinical endeavors with young children who are HH. The third objective was to examine the factors that may contribute to individual differences in the quantity of talk for families who have a child with hearing loss, including SES, receptive language abilities, and audiological variables.
Method

Participants
All participating children and families were part of a larger, multicenter, longitudinal study aimed at investigating outcomes of children with mild to severe hearing loss. The sample for the larger outcomes study comprises a broad cross-section of children intended to represent the population of children who are HH and a NH control cohort. The families consented to participate in annual evaluations that included collection of demographic information, assessment of audiological variables, and evaluation of children's communication development. A subset of families with children enrolled in the larger study were also invited to participate in this substudy, in which they collected monthly recordings of children's auditory environments as described in the Procedures section. The current analysis is focused on examination of one recording for each child, collected in the age range of 24-36 months. There were a total of 30 families 1 from six U.S. states (Nebraska Table 1 .
Children with NH passed an audiological screening at 20 dB HL across the frequencies of 500-4000 Hz. For HH children, parent interviews confirmed that children had no major disabilities other than hearing loss, and all families used spoken English with their children, although one family reported using minimal signing at home. Age of identification of hearing loss in the HH group averaged 4.8 months (standard deviation [SD] = 5.7 months), and 17 of the 22 HH children were identified with hearing loss through newborn hearing screening. On the days that recordings were collected, parental reports indicate that children were using their hearing aids, on average, 78.4% of the hours reported. Nine of the 22 HH children were FM users, but FM usage is unknown during the recordings collected for this study. Full audiological evaluations were completed for each HH child an average of 1.18 months before recordings were collected (SD = 5 months). As part of the evaluation, better ear pure tone averages (PTA) were calculated (or interpolated for the youngest children) based on thresholds obtained at 500, 1000, 2000, and 4000 Hz. Additionally, hearing aid and real ear measurements were obtained using the Audioscan Verifit following ANSI protocol S3.22 (2003) . Following these measurements, Audioscan Verifit software was used to calculate an aided audibility measurement (Bentler, Hu, & Cole, 2011) , based on the SII (ANSI S3. , to estimate the proportion of the amplified speech spectrum that was audible to HH children when wearing their hearing aids. SII does not take into account specific acoustic situations encountered by children in the course of a day, thus leaving open the question of auditory access in specific listening situations. Stimuli were presented at 65 dB SPL and measures from the better ear are reported in Table 1 . To calculate SII, the speech spectrum is divided into frequency bands and assigned individual frequency-importance weights based on each band's contribution to the intelligibility of speech. The weighted amount of audible information in each band is then summed to determine the SII. SII is reported on a scale from 0 to 1 in which 0 represents the entire speech spectrum as inaudible and 1 as completely audible. Note: BEPTA = better ear pure tone average; BESII = better ear speech intelligibility index; HA = hearing aid; HH = hard of hearing; HL = hearing loss; NH = normal hearing; NLS = natural language study; SES = socioeconomic status; SD = standard deviation.
The language abilities of HH children were evaluated using the receptive language scale of the Mullen Scales of Early Learning (MSEL; Mullen, 1995) . The MSEL combines clinician-elicited and parent-reported items, resulting in a standardized t-score with mean of 50 and a SD of 10. A total of 19 of the 22 children in the HH group contributed MSEL scores. The MSEL was not collected for three children because they were unable to be evaluated before the daylong recording was collected. MSEL scores were collected an average of 4.1 months (SD = 2.6) before the daylong recording was made. The HH group's mean t-score was within 1 SD of the normative mean (M = 48.2, SD = 13.7, range: 20−66). The LittlEars Auditory Questionnaire (LEAQ; Kühn-Inacker et al., 2004) was also administered to HH children at the same time point. The LEAQ is a parent-report measure designed to assess the auditory behaviors of young children. HH children in the present study achieved scores indicating that the majority were demonstrating at least basic perception of environmental sounds and short phrases (n = 19, M = 31.6, Mdn = 33.0, SD = 6.3) and those values correspond to the expected values for children in the 19-to 24-month age range.
Maternal education level, categorized on a scale from 1 to 4 (1 = some high school, 2 = high school, 3 = some college, and 4 = college), was collected. = .62). Tests of differences between groups here and elsewhere are computed using the Wilcoxon signed-rank test and are reported in terms of the z-statistic (Friedman, 1937; Wilcoxon, 1945) . Further examination of demographic data collected during recruitment and intake revealed no outlier data that suggest selective grouping by race, income, marital or family status, occupation, or geographical region.
In addition to the HH and NH groups, the present study results are compared to the LENA natural language study (NLS) normative sample to be described in more detail below.
Materials
The present work relies on the system developed and made available by the LENA Research Foundation (Boulder, CO). This technology consists broadly of the physical recording apparatus hardware and the associated computer software packages.
Apparatus. The self-contained LENA recording device weighs about 70 g and measures about 1.3 × 5.6 × 8.6 cm. It has a single microphone, two operator buttons, a monochrome display, and a USB port for data transfer and to charge the internal power supply. The recording device is activated by depressing the power button for a few seconds (to prevent accidental or child-initiated operation) followed by depressing the record button to begin recording. Technical details are given in Ford, Baer, Xu, Yapanel, and Gray (2008) .
The LENA device is worn on the child's body by inserting it into a specially designed pocket on an outer piece of clothing worn by the child. The clothing allows for the recorder to be worn comfortably and unobtrusively for the whole day while maintaining the microphone at a relatively fixed distance (7-10 cm) from the child's mouth.
Software and normative sample. The LENA device records up to 16 hr of audio in encrypted format to onboard solid state memory, which is uploaded to a computer via USB connection after the recording is complete. LENA software then analyzes the audio recording using unsupervised maximum likelihood Gaussian mixture models (described in Ford et al., 2008; Oller et al., 2010) . A primary goal of the analysis is to assign labels to segments of the audio file. Segments are assigned exactly one of nine primary label classes: male adult, female adult, target child, other child, noise, overlapping vocals, electronic media (e.g., TV and radio), silence, and uncertain/fuzzy. The results of the labeling procedure are reported in summary statistics accessible via a graphical user interface or may be exported to a data table for further analyses. Descriptive statistics accessible via the user interface include estimates of the numbers of adult words and conversational turns in raw value and in percentile rank (based on population estimates from the NLS sample).
Adult word estimate. The adult word count (AWC) is estimated for each segment identified as an adult talker based on analyses of specific acoustic features of the signal (see Oller et al., 2010 for a description of the acoustic parameters evaluated). The software does not attempt to segment or label specific words or word boundaries; instead, the software uses statistical models to estimate the number of words per talker segment. The sum of all segment estimates is reported as the AWC.
Conversational turns. After talkers are identified in segments as adult male, adult female, target child, etc., conversational turns are counted for exchanges between an adult and the target child with no more than 5 s of intervening nonspeech segments and no intervening speech segments of any duration from another talker (such as another adult or a nontarget child). Thus, a conversational turn is defined as the co-occurrence of adult and child speech (with either initiating) with no intervening talkers. Nonspeech segments such as noise or silence may occur between talkers, providing that they are less than 5 s in duration. All instances are summed over the course of an entire recording to produce a conversational turn count (CTC). The NLS normative database. The NLS normative database is based on the LENA NLS of 329 families contributing 2,682 twelve-hour recordings of children 2-48 months of age (Gilkerson & Richards, 2008b) . All the children in the normative corpus have NH and are also otherwise typically developing. Gilkerson and Richards (2008b) give summary statistics of the education level of mothers in the families used to compute the normative sample in the NLS study. Participants in the current sample are from a more restricted age range and from homes with higher mean SES than the NLS sample. To facilitate relevant comparisons, two subsamples were compiled from the NLS study. The first subgroup, NLS-Age, was age matched and consisted of all NLS recordings of children between 25 and 36 months of age (n = 804 recordings; M = 30.2 months, SD = 3.4). The second subgroup, NLS-Age/SES, was approximately matched for both age and SES and consisted of all NLS recordings of children between 25 and 36 months of age (n = 454 recordings; M = 30.0 months, SD = 3.3) whose mothers completed some college (53%) and college (47%). In both subgroups, multiple recordings were collected from individual children at several time points, but data were not available to select individual observations. Summary characteristics for all groups considered here are given in Table 1 .
Reliability of adult word estimates and conversational
The normative database produced from the NLS sample includes raw mean values and percentile ranks for AWCs and CTCs (and other variables not discussed here). Gilkerson and Richards (2008b) demonstrate that the mean and SD of CTCs increase with age up to 25 months of age and then remain steady through 48 months of age. They report that AWCs do not vary as a function of child age. Thus, normative mean and SD estimates are provided at monthly intervals for CTCs from 2 to 25 months of age. However, a single mean and SD is provided for CTCs for children 26-48 months of age and AWCs for children 2-48 months of age.
The NLS samples are fixed to a 12-hr recording duration. However, the recording duration of the samples of children reported here were variable, ranging from 8.67 to 14.60 hr (M = 11.89 hr, SD = 1.39). Thus, hourly rates of adult words (AWC/hr) and conversational turns (CTC/hr) were calculated for both data sets by dividing the observed daily value by the number of hours in the recording for that day. For the NLS samples, AWC/hr and CTC/hr were calculated by dividing the observed values by 12. As a result of this transformation, all groups are compared in the same terms.
Procedure
After informed consent was obtained, families were shipped the recording device, two custom shirts with a pocket to hold the recording device, paperwork including detailed instructions on device use, and return packaging. Parents were instructed to begin recording as soon as the child awoke in the morning and turn the device off when the child went to sleep for the final time in the evening, resulting in a daylong, uninterrupted recording. During times the shirt could not be worn (e.g., bath time), families were asked to place the recording device as near to the child as possible, such as on a nearby chair. Similar recording procedures were followed in previous studies with LENA hardware, including the NLS normative sample (Gilkerson & Richards, 2008b; Oller et al., 2010; Warren et al., 2010) .
Results
Groups (HH, NH, NLS-Age, and NLS-Age/SES) were compared on the primary adult speech variables. The continuous dependent variables, AWCs and CTCs, are expressed in average occurrences per hour and, for the families of the HH and NH groups, as z scores with reference to the normative values of NLS-Age and NLS-Age/SES groups. Relationships of the dependent variables with SES (maternal education) and child age were considered for the HH and NH groups and, due to limited availability of data, more generally for the two NLS subgroups. Additionally, relationships between the dependent variables and the audiological variables (PTA, SII, and age at amplification) were considered for the HH group.
AWC and CTC for the Current Samples
For AWC/hr, there were no significant differences between adults in HH and NH families in the current study (M HH = 1249 AWC/hr, SD HH = 326; M NH = 1397 AWC/hr, SD NH = 386; z = 0.63, p = .526). Similarly, for CTC/hr, there were no significant differences between adults in HH and NH families in the current study (M HH = 61 CTC/hr, SD HH = 17; M NH = 66 CTC/hr, SD NH = 17; z = 0.65, p = .511).
Present Sample Compared With the Normative Sample
Because there were no significant differences between the HH and NH groups, those groups were pooled for the next analysis. For AWC/hr, adults in the NLS-Age and NLS-Age/SES groups were different from each other (M NLS-Age = 1055 AWC/hr, SD NLS-Age = 198; M NLS-Age/SeS = 1164 AWC/hr, SD NLS-Age/SeS = 144; z = 2.01, p < .05). For CTC/hr, adults in the NLS-Age and NLS-Age/SES groups were also different from each other (M NLS-Age = 43 CTC/hr, SD NLS-Age = 10; M NLS-Age/SeS = 50 CTC/hr, SD NLS-Age/SeS = 7; z = 3.02, p < .01). For AWC/hr, the pooled HH/NH group was significantly different from the NLS-Age group (z = 3.13, p < .002), but was not significantly different from the NLS-Age/SES group (z = 1.48, p = .13). For CTC/hr, the pooled HH/NH group was significantly different from both the NLS-Age and the NLS-Age/ SES groups (z = 4.90, p < .001; z = 3.00, p < .003, respectively). Means and standard error of AWC/hr and CTC/hr are shown for HH, NH, NLS-Age, and NLS-Age/SES groups in Figure 1. z Scores of AWC/hr and CTC/hr were computed for each individual in the HH and NH groups with reference to the both the NLS-Age and NLS-Age/ SES groups. z Scores in the range of +1 to −1 indicate performance within the average range, with a score equal to zero indicating performance at the normative average. A z score greater than +1 or less than −1 indicates performance above or below the average range, respectively. As seen in the left panel of Figure 2 , for participants in the current study compared with the NLS-Age sample, 23% (7/30) of AWC/hr scores and 40% (12/30) of CTC/hr scores were above the average range. The remaining scores were in the average range, with no individual scores below the average range. The right panel in Figure 2 shows that for participants in the current study compared with the NLS-Age/ SES sample, 20% (6/30) of AWC/hr scores and 30% (9/30) of CTC/hr scores were above the average range. The majority of the remaining scores were in the average range, with a few scores falling slightly below the average range for both AWC/hr and CTC/hr.
Relationships of Quantity of Adult Language With SES and Child Age
For the NH and HH groups, AWC/hr and CTC/hr were not correlated with SES (maternal education) or age of child (all ps > .5). It is possible that the lack of a correlation between SES and the dependent variables in the current study is due to a restriction in range in maternal education scores (see Table 1 ). For the NLS sample, Gilkerson and Richards (2008a) report significantly higher numbers of AWCs and CTCs for families with mothers who have completed college than mothers in the three categories with lower education levels.
Relationships of Quantity of Adult Language With Audiological Variables and Child Language
For the HH group, AWC/hr and CTC/hr were correlated with both unaided and aided auditory measures; PTA (r AWC = −.54, p < .01; r CTC = −.47, p < .03) and SII (r AWC = .56, p < .01; r CTC = .66, p < .01), respectively. Figure 3 shows individual participants' PTA (upper panels) and SII (lower panels) in relation to AWC/hr (left panels) and CTC/hr (right panels).
PTA and SII are expected to be correlated with one another, because threshold information is incorporated in both measures (Sininger, Grimes, & Christensen, 2010; Stiles et al., 2012) . Children with worse PTA scores typically have worse aided SII scores, because limits of amplification prevent more audibility for greater degrees of hearing loss. As anticipated, these variables are highly correlated (r = −.93, p < .001) in the current study and likely share some degree of explained variance in AWC and CTC. However, because SII is a measure of aided hearing for speech, it may provide a more realistic index of how much access children have to adult speech than PTA, which represents unaided thresholds (see Stiles et al., 2012) . To explore the possibility of unique contributions of individual auditory measures (PTA or SII), two multiple regression analyses were conducted, with AWC/hr and CTC/hr as the dependent variables in the respective models. Results of the models are summarized in Table 2 . For AWC/ hr, the combined effects of PTA and SII were significant (p < .02), accounting for 27.7% of the variance. However, the predictor variables did not make significant independent contributions to the explanation of AWC/hr (p > .1). For CTCs, the model also was significant (p < .01), accounting for 38.0% of the variance. Examination of the semipartial correlations revealed that the predictor variable SII made a significant independent contribution to the explanation of CTC/hr (p < .02), accounting for 21.7% of the variance after controlling for the effects of PTA in the model. The results suggest that PTA and SII make shared contributions to variance in AWC/hr but SII contributes uniquely to variance in CTC/hr.
Children with better unaided hearing (i.e., lower PTA scores) and/or better aided audibility (i.e., higher SII scores) have more access to the speech spectrum and potentially to adult language models than children with less hearing or audibility. It is possible that children with more access to adult language have the opportunity to develop stronger auditory perceptual abilities and language skills than children with less access to adult language. In turn, children's perceptual and language abilities may influence the amount of language adults direct toward them or the number of conversational turns in which they are engaged. If so, the effects of the audiological variables may be mediated by child language abilities. To assess this possibility, mediation analyses were conducted in Note. sr 2 is the squared semipartial correlation coefficient, which represents the percentage of variance in the criterion variable accounted for by each individual predictor variable with the other variable controlled. PTA = pure tone average; SII = speech intelligibility index.
which PTA and SII were the independent variables, receptive language ability 2 (represented by children's MSEL scores) was tested as a mediator variable, and both AWC and CTC were treated as dependent or outcome variables (Baron & Kenny, 1986; Judd & Kenny, 1981) . To proceed with mediation analysis, the initial variables (PTA and SII) must be correlated with the proposed mediator (MSEL) and with the outcome variables (AWC/hr and CTC/hr). For the subset of 19 participants with MSEL scores, MSEL scores were correlated with both PTA and SII (r PTA = −.59, p < .01; r SII = .71, p < .01). Additionally, PTA was correlated with both AWC/hr and CTC/hr (r AWC = −.61, p < .01; r CTC = −.58, p < .001) and SII was correlated with both AWC/hr and CTC/hr (r AWC = .60, p < .01; r CTC = .55, p < .02). Thus, according to Baron and Kenny (1986) , the potentially mediating effect of MSEL can be examined for both PTA and SII on both AWC and CTC.
With PTA as the independent variable, the indirect and direct effects of MSEL scores were not significant for AWC or CTC (p > .05), but the total effect was significant (z AWC = −3.46, p < .01; z CTC = −2.20, p < .03). This result indicates that receptive language did not mediate the effects of PTA on AWC or CTC. With SII as the independent variable, the indirect and direct effects of MSEL scores were not significant for AWC or CTC (p > .05), but the total effect was significant (z AWC = 2.95, p < .01; z CTC = 1.89, p < .05). This result indicates that receptive language did not mediate the effects of SII on AWC or CTC. Thus, audiological variables (PTA and SII) appear to influence the outcome variables of parent language use (AWC and CTC), and these relationships are not fully explained by receptive language.
Finally, finding that receptive language ability does not mediate the audiological variables' influence on AWC or CTC, it is of interest to examine whether receptive language ability is independently related to either AWC or CTC. The relationship between MSEL and AWC was not significant (p > .05), but the relationship between MSEL and CTC was significant (r = .62, p < .01). This result indicates that increases in children's receptive language ability are related to increases in conversational turns, but not increased adult words.
Discussion
This study asked if young children who are HH are exposed to similar levels of adult words and conversational turns as age-matched peers with NH. Comparable performance between groups was observed for both AWC and CTC, suggesting that child hearing status had limited influence on the average quantity of parent talk around 2.5 years of age. However, for the HH group, audiological variables (PTA and SII) were associated with levels of parental talk, suggesting that parents may be sensitive to the degree to which their HH children are able to access environmental talk. Further, children with more auditory access (as measured by PTA and SII) may develop stronger auditory perceptual and receptive language abilities than children with more limited auditory access. Children's language skills do not appear to contribute to the quantity of adult words to which they are exposed, but child language abilities are positively related to the number of conversations engaged in by parents and children.
This appears to be the first published study to use whole-day, natural recordings to explore quantitative aspects of parental talk in the homes of children who are HH. Automated analysis of the recordings proved to be a useful tool for examining characteristics of the language environment of this group. A better description of the language environment of HH children may advance the understanding of individual differences in language outcomes and the role of early interventions in promoting the most effective forms of parental talk. This study represents a preliminary step toward these objectives.
Group Comparisons: Amount of Parent Talk
Results indicated that parents of HH and NH children were similarly talkative. Parents of these children used an average of about 1,300-1,400 words per hour, which is equivalent to 15,000-17,000 words over a 12-hr period. Previous studies using automated recordings report AWCs in homes with typically developing children in a similar range, on the order of 13,000-15,400 words in a 12-hr period (Greenwood, Thiemann-Bourque, Walker, Buzhardt, & Gilkerson, 2011; Warren et al., 2010; Zimmerman et al., 2009) . At first glance, the finding that parents of HH children expose their children to a similar amount of adult words as parents of children with NH appears favorable for language development; previous studies associate amount of parental talk with children's later language skills (Hart & Risley, 1995; Hoff & Naigles, 2002; Hurtado et al., 2008; Huttenlocher et al., 1991; Tomasello & Farrar, 1984) . However, similar levels of exposure to words may not equate to similar levels of access to the adult words, especially for children with hearing loss.
Interpretation of the AWC measure in relation to children with hearing loss is not straightforward. AWC is defined as an estimate of the number of adult words spoken near a child per unit of time (e.g., hour or day). AWC is calculated from those segments of the recording that the software has judged to contain "meaningful" adult speech (i.e., vocalizations by adults that are not faint or distant and that do not overlap with other speech). In essence, the AWC reflects words spoken by the adult that are conceivably within "earshot" of the child (i.e., near the microphone). However, defining what is within "earshot" of children with hearing loss is complex and may vary as a function of degree of loss, aided audibility, and characteristics of their acoustic environments (e.g., background noise). Currently, a quantitative account of language outside the audible range of the child is not possible with this technology. Due to these various factors, it has been suggested that LENA may overestimate the number of adult words that are audible to a child with hearing loss (Yoshinaga-Itano et al., 2011) . This is of concern because children who are HH may require more than typical amounts of exposure due to the effects of inconsistent access to language models. Additional research is needed to explore this hypothesis.
Further, all words spoken by parents in proximity to the child's microphone are included in the AWC measure, so both adult-to-adult talk and talk directed to the child that occur near the microphone contribute to the count. As such, the AWC is not exclusively measuring child-directed speech. Fernald and Weisleder (2011) have explored the unique contributions of child-directed talk to language learning by conducting analyses that go beyond the automated LENA analyses. The authors obtained automated recordings from 28 Latino families communicating with infants at 18 and 24 months of age. By listening to the automated recordings, the researchers separated adult utterances into mutually exclusive categories of child-directed talk and overheard talk (i.e., talk in the near environment not directed to the child). They found large individual differences in the amount and proportions of child-directed versus overheard talk in this group of families. Importantly, they also found that child-directed speech, but not overheard speech, was correlated with children's later expressive vocabularies and language processing efficiency. Child-directed speech may be particularly important in promoting the language skills of HH children, who are likely to have more difficulty than typically developing peers in accessing talk through overhearing. These issues suggest the need to be cautious in interpreting the AWC measure and the need to empirically examine the relative influence of amount of adult-directed talk versus amount of child-directed talk on the language outcomes of children who are HH.
Group Comparisons: Number of Conversational Turns
Parents of HH children in the present study engaged their children in conversational turns at comparable levels to the parents of children with NH, with the groups averaging 60 and 67 CTC/hr, respectively. This finding is in contrast to studies that found differences in CTC frequency between parents of typically developing children and children with disabilities, including those with language delay and those with autism spectrum disorders Warren et al., 2010) . The lack of a difference between parents of HH and NH children suggests that child hearing status did not influence the frequency of CTCs. This is an encouraging finding, given that conversations are considered prime opportunities for children to advance their language skills (Tomasello & Farrar, 1984) . Speech within conversational interactions is typically child directed and may be focused on topics of interest to the child. The conversational context also is one where adults provide feedback to children on their language use, often within a context of joint attention.
Although LENA measures do not verify the presence of joint attention episodes, these are more likely to be found during conversational exchanges than in monologues. Zimmerman et al. (2009) found that the number of conversational exchanges between parents and young children was predictive of the children's later language development. This identified relationship may be reflecting the facilitative features of joint attention and contingent responding that typically occur in conversations with young children. Given the importance of engagement in joint attention for children's language development (Carpenter et al., 1998; Tomasello & Todd, 1983) , it is positive to note that the families with HH children were similar in CTC to fairly advantaged families with age-matched NH children.
All of the HH children in the current study had access to newborn hearing screenings, modern hearing aid technology, and family intervention services. Additionally, most of the children (16/22) received their hearing aids prior to 6 months of age, which is considered relatively early. Four of the remaining children received their hearing aids within the first year of life and the final two children received their hearing aids prior to the onset of the study. Thus, the result suggesting no differences in CTCs between NH and HH groups may reflect contributions of modern hearing aid technologies and early service provision. It is interesting to note that 36% of the parents of HH children were above the average range for CTCs established by the NLS-Age sample and 27% of those parents were above the CTCs established by the NLS-Age/SES sample (see Figure 2) . However, the effects of intervention in the present study are challenging to analyze, because there was not a direct measure of the intervention context, and intervention effects may be confounded by degree of hearing loss. Further research is needed to gain an understanding of the potential influence of intervention on parental language and conversational participation. Automated recordings from natural settings may be useful in pursuing these questions.
Child language abilities, including children's responsiveness to parents' attempts to engage them in conversations, children's own initiations of conversations, and children's abilities to maintain conversations, are likely to contribute to the quantity of CTCs. Similarly, HH children's auditory perceptual abilities are expected to contribute to understanding of and responsiveness to conversational bids. Results from the LEAQ (Kühn-Inacker et al., 2004) verified that the vast majority of HH participants in this study demonstrated basic perception of short phrases, suggesting that their auditory development status was sufficient for at least simple conversational interaction. It is beyond the scope of the present paper to explore the effects of child contributions to the quantity of CTCs. However, previous research documents that children who are HH, even when early identified, demonstrate more varied early language outcomes than NH peers and some may be at risk of developing the initial lexicon at a slower rate than typically developing peers (Mayne, Yoshinaga-Itano, Sedey, & Carey, 2000; Moeller et al., 2007) . Given these findings, the lack of a difference between groups in rate of CTCs is somewhat reassuring; conversations are occurring at fairly typical levels in spite of children's auditory limitations and possible language delays. This conclusion is tentative, however, given that the automated analyses count conversational turns but do not measure qualitative aspects of conversation (e.g., parental responsiveness and contingent remarks) that are known to promote children's language development (Bornstein, Tamis-LeMonda, & Haynes, 1999; Rollins, 2003) . Furthermore, complexity of conversational talk is not reflected in the CTC measure, meaning that comparability of the groups in this regard cannot be assumed.
Comparison With Normative Samples
Parents of children in both groups reported here produced more words and engaged in more conversational exchanges than the families comprising the LENA normative study (NLS-Age). Parents in the current study were more educated, on average, than the participants in the LENA normative study. Several studies have documented differences in quantity of words parents with higher versus lower education and SES direct toward their children (Huttenlocher et al., 2007; Rowe, 2008; Rowe et al., 2005) . Studies using LENA technology report similar effects, showing higher levels of talk by parents in advantaged circumstances (higher education/ income) compared to those with less income or education (Gilkerson & Richards, 2008a; Warren et al., 2010; Zimmerman et al., 2009 ). The NLS study was based on a population sample that was designed to reflect maternal education/SES characteristics of the general U.S. population. In contrast, the participants who consented to participate in this study were biased toward higher levels of maternal education, although the researchers made every effort to recruit a representative sample. The lack of comparability of the current sample and the NLS sample has important implications for clinical practice and research. If one compares the AWC and CTC for the families in the current study to the LENA normative data (Gilkerson & Richards, 2008b) , the families appear to be functioning at the 70th to 80th percentiles. This could lead service providers to conclude that an intervention program has been effective in promoting increases in parental input. However, these higher levels of adult language input could be reflecting high parental education levels , rather than an effect of intervention. In general, our results suggest that caution must be exercised in comparing small, unmatched samples to the NLS normative data, as the conclusions may be misleading. This extends to the need to be careful when using LENA as a clinical tool and comparing children to the normative sample.
This concern was partially confirmed by comparison of the NLS-Age sample to the NLS-Age/SES matched group. The NLS-Age/SES group had significantly higher AWCs and CTCs than the broader sample (NLS-Age), suggesting a role for SES in these measures. The results also suggest that the NLS-Age/SES subgroup provides a better comparison group for the present study. Results showed that the pooled HH/NH group was comparable to the NLS-Age/SES matched group on AWC. However, in the current study, the pooled HH/NH group had significantly higher CTCs than either of the NLS normative samples. This finding was unexpected and is challenging to explain. It may be that there are important differences between these families that are not reflected in the maternal education score. The groups were not able to be matched perfectly on SES dimensions. Further, it is possible that methodological differences between the studies (e.g., collecting samples on weekends vs. weekdays) may contribute meaningful differences that affect the results.
Individual Differences: Predictors of Parental Talk
For the HH group, regression analyses revealed that the auditory variables (PTA and SII) together accounted for a small but significant amount of variance in AWC (28%) and in CTC (38%). Both SII and PTA gave similar explanations of the AWC and CTC measures. At first glance, these findings suggest that parents talk more and engage in more conversational turns with children who have better hearing thresholds and more aided audibility than those with less hearing/ audibility (see Figure 3) . Although previous studies with deaf children indicate that adults make adjustments in their linguistic input in relation to hearing status and/or degree of hearing loss (Lloyd, Lieven, & Arnold, 2001; Nienhuys & Horsborough, 1984) , it is unclear how applicable these findings are to early identified children who are HH. It is conceivable that parents might refrain from talking to a HH child if they are not in close enough proximity for their child to hear and understand, and this behavior may vary in relation to degree of loss and audibility factors.
It was found, however, that children with better hearing or better aided audibility also have better receptive language abilities, and stronger language abilities may allow these children to be more easily engaged in conversations. The analyses suggest that both audiological factors and child language abilities influence conversational turns. Parents might talk more to children with more sophisticated language abilities, or children with more sophisticated language abilities may elicit more interactive talk from their parents (Hoff-Ginsberg, 1994 ). In the current study, the contribution of hearing ability to CTCs is reasonably transparent; access to language and the frequency of engagement in conversations with others positively vary with each other for HH children.
There are several limitations to the present study that reduce its generalizability to other groups. The samples of NH and HH participants, although matched with each other, are more advantaged (maternal education) than the general population. In addition, the numbers of participants are small, especially in the NH group (n = 8), and may be influenced by family interactions on the specific day of recording. Although the full-day recordings provided robust samples of talk for all participants, their use in this preliminary study was limited to automated counts of the frequency of adult words and conversational turns. Factors such as parental provision of visual information (e.g., gesture and sign) and complexity of semantic context, for example, are not encoded by the LENA device, and those factors may be especially important for children with hearing loss. Additionally, LENA software has been extensively examined and validated, but it makes some errors in classifying speakers. However, if this biased the results in some way, both groups would be biased similarly.
Summary
This work demonstrates that whole-day recordings and automated analyses may be profitably employed to examine the natural language use of families, in particular, families with HH children. This extends the literature using large sampling acoustic recordings and automated analyses to examine the auditory environments of young children Warren et al., 2010 ).
An important result of the present work is the lack of between-group differences in NH and HH children matched for SES. However, differences were observed between the current study sample and an NLS sample, which was matched on age but not maternal education. This study reinforces the need to cautiously interpret LENA normative data when using small, unmatched samples or when using these measures in clinical applications. This concept was supported by the finding that AWCs for the current study samples were comparable to the NLS-Age/SES sample. However, CTCs for the current study samples were higher than both NLS samples. This study also found that auditory variables (PTA and SII) were correlated with both AWC and CTC, but receptive language abilities were positively associated only with CTC, not AWC. In general, this study suggests the need for further research exploring specific ways in which the linguistic environments of HH children may be optimized to support language learning.
Notes
1. In all, 31 families contributed data. After the data for this study were collected, one participant was identified with global developmental delays, and this participant was removed from the data set and is not reported here.
2. There was insufficient variance in LEAQ scores due to a ceiling effect. Therefore, auditory perceptual skills were not examined as part of the regression models.
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